Plain Language Summary {#S0001}
======================

There is a paucity of long-term treatment benefit and safety data of botulinum toxin A (BTX-A) injections for treatment of cervical dystonia (CD) and myofascial neck pain (MPS). Additionally, evolving literature, guidelines, and legislations for the treatment of both conditions have resulted in many concurrent treatment strategies to BTX-A injections, but it is unclear to what extent it is used in clinical practice. This includes pectoralis minor injections, cannabis-use, intravenous lidocaine with ketamine, radiofrequency ablation of the cervical facet joints, ultrasound-guidance, and electromyography guidance. We extracted data on all our CD and MPS patients who received BTX-A injections administered at least once yearly, for a duration longer than 1 year. We found that there were significant long-term improvements in pain and disability in both CD and MPS patients. However, only CD patients had significant improvements in their self reported improvement in overall health status. Adverse effects were minimal and self-limiting. The use of adjunct modalities was also considerable. In both cohorts, concurrent pectoralis minor injections and cannabis-use were the most common, followed by anesthetic procedures and image-guided injections.

Introduction {#S0002}
============

Botulinum toxin (BTX) is a neurotoxic protein produced by *Clostridium botulinum* known to interfere with synaptic transmission by inhibiting the release of acetylcholine (ACh).[@CIT0001] This mechanism would relax affected muscles and downstream effects could manifest as muscle weakness to muscle paralysis.[@CIT0001] *C. botulinum* is responsible for producing seven related toxins distinguishable by its antigenic properties.[@CIT0001] Most notably, there is substantial evidence to support the use of BTX type A (BTX-A) injections for treatment of cervical dystonia (CD) by virtue of its ability to relax spastic muscles.[@CIT0002] CD has been described elsewhere.[@CIT0002]--[@CIT0004] A Cochrane Systematic Review (2017) of eight randomized-controlled trials (n=1010) found that BTX-A improved severity, disability, and pain after 8 to 20 weeks follow-up of a single injection compared to placebo.[@CIT0005] In 2011 and 2016, respectively, the European Federation of Neurological Societies[@CIT0006] and the American Academy of Neurology,[@CIT0007] recommended BTX-A as first-line treatment for CD. Additionally, Health Canada has since approved BTX-A for first-line treatment of CD, of which there are currently available: OnaBTX-A (1995); IncoBTX-A (2009); and AboBTX-A (2016). However, the long-term treatment benefit and safety of BTX-A are more uncertain as treatment durations are widely variable among studies.[@CIT0008]--[@CIT0018] There is a paucity of studies with average treatment durations greater than a few years.[@CIT0012],[@CIT0014]--[@CIT0016]

Meanwhile, BTX-A injections are also commonly used off-label for myofascial neck pain syndrome (MPS). There are various theories on its mechanism of action, such as muscle relaxation secondary to reducing ACh-linked hyperactivity, inhibition of release of pain mediators, and reduction of pain sensitization.[@CIT0019] Despite this, the evidence supporting its use in the short to intermediate-term is contradictory as some trials[@CIT0020]--[@CIT0023] and reviews[@CIT0024],[@CIT0025] demonstrate superiority over placebo while others do not.[@CIT0026]--[@CIT0034] There remains even greater uncertainty with regards to its long-term safety and treatment benefit profile as there is limited long-term treatment or follow-up data.

Moreover, the management of CD and MPS is often multi-modal given the multifaceted and chronic nature of the patient's pain experience. The use of adjunct modalities, such as anesthetic interventions, ultrasound-guidance, electromyography (EMG)-guidance, pectoralis minor BTX-A injections, and cannabis-use are common alongside BTX-A; however, the specific prevalence is unknown.

Therefore, the objective of our study was to present and compare treatment benefit, safety data, and adjunct modality prevalence following long-term treatment of BTX-A injections between patients with CD and MPS.

Patients and Methods {#S0003}
====================

Study Design {#S0003-S2001}
------------

This retrospective cohort study was approved by the Sunnybrook Health Sciences Centre Research Ethics Board. We used a convenience sample of patients who were followed by neurology, pain medicine, and physiatry outpatient clinics at the Sunnybrook Health Sciences Centre and the Canadian Centre for Integrative Medicine in Toronto, Ontario.

Participants {#S0003-S2002}
------------

Patients with injection data between August 2018 and August 2019 were screened for the following, a priori, inclusion criteria: 1) any sex of ages over 18 that received BTX-A injections (aboBTX-A, onaBTX-A, or incoBTX-A) for treatment of the primary diagnosis of CD or MPS, 2) treatment benefit, safety, or adjunct modality prevalence data available for their first and last injections, 3) treatment frequency of least once yearly between the first and last injections, 4) and total treatment duration of at least 1 year. CD was considered any sustained or intermittent muscle contractions of the neck, causing pain and abnormal repetitive movements, postures, or both.[@CIT0002]--[@CIT0004] MPS was diagnosed according to the criteria of Simons and Travell (1999) with the major criteria for the diagnosis of MPS being 1) taut band palpable in an accessible muscle, 2) exquisite spot tenderness, 3) tightness of muscle causing restricted range of motion, and 4) localized pain to a region, usually unilateral.[@CIT0035] Patients were excluded if their primary intervention was not BTX-A or if their primary injection sites were not restricted to the head, neck, or upper back (determined by relative frequency).

Outcome Measurements {#S0003-S2003}
--------------------

The following outcomes were examined: clinical patient demographics and treatment variables (sex, age at first injection, age at last injection, total treatment period, total injections, mean dose per session), treatment benefit variables (injection units, patient global impression of change (PGIC) score out of 100%, pain score (visual analogue scale out of 10), Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) disability score, TWSTRS pain score, time to peak effect, duration of total response), adverse events (dysphagia, ptosis, neck weakness, ocular side-effects, injection site weakness, non-injection site weakness, injection site hematoma, flu-like symptoms, hoarseness, generalized weakness, dry mouth, dysarthria), and adjunct modality prevalence (adjunct use of anesthetic interventions, ultrasound-guidance, EMG-guidance, pectoralis minor BTX-A injections, and cannabis-use). The TWSTRS disability and pain subscales were used to compare patient-important outcomes between each cohort. Although only validated for CD patients,[@CIT0036] TWSTRS disability and pain subscales were used for MPS patients because, irrespective of etiology, the subscales can assess performances of daily activities and pain.[@CIT0037] All treatment benefit and safety data were obtained from routine-standardized patient intake forms completed before any immediate injection.

It is noteworthy that all included patients were treated sometime between 2001 and 2019. Literature, guidelines, and legislation have evolved throughout this period, which served as the rationale for our selection of the following adjunct modality variables of interest. Prevalence of adjuvant intravenous (IVC) lidocaine with ketamine, radiofrequency ablation of the cervical facet joints (medial sensory branches of the cervical dorsal rami), ultrasound-guidance, and EMG-guidance were examined given evidence showing improved outcomes in patients treated with BTX.[@CIT0038]--[@CIT0041] Prevalence of adjuvant BTX-A pectoralis minor injections was examined because it is commonly used in practice to facilitate exercises for postural correction (eg, reducing anterior shoulder protraction and head forward posture). Finally, prevalence of cannabis-use was examined given the growing number of studies investigating its effects on dystonia.[@CIT0042]--[@CIT0045] All our patients also began treatment when medical marijuana in Canada was legally permitted for off-label uses under the discretion of the prescribing physician.[@CIT0046]

Data Collection {#S0003-S2004}
---------------

All data collected for patients were re-evaluated by two authors (DD, JK) for accuracy by assessing clinical records. Data were collected separately for CD and MPS cohorts. Before extracting any data, all relevant patient intake forms were de-identified by an administrative assistant such that no patient identifiers including name, date of birth, medical record number, and contact information were made aware to the authors. Patients were not directly contacted. Any data obtained were stored in a password-protected server that only the authors had access to. No additional information was collected other than what has been reported.

Data Analysis {#S0003-S2005}
-------------

Data extracted for patient and treatment-related variables, adjunct modality variables, and adverse effects were presented descriptively for CD and MPS cohorts. Nominal data were presented as counts and percentages, while numerical data were presented as means and standard deviations (SD). For adjunct modality prevalence, between-cohort comparisons were conducted using the Chi-square test. Data extracted for treatment benefit were analyzed by comparing first injection and last injection means (SDs) using the nonparametric Wilcoxon Rank-Sum Test. This test was selected given that Shapiro--Wilks tests revealed that our data were not normally distributed and that the analyzed variables were not independent. A *p*\<0.05 was considered significant. Statistical analyses were performed using IBM SPSS version 23.0.

Results {#S0004}
=======

Cervical Dystonia {#S0004-S2001}
-----------------

### Patient Demographics and Treatment Variables {#S0004-S2001-S3001}

Out of 645 individual patients who received any injections, a total of 39 CD patients were treated with BTX-A injections for at least 1 year. Of these patients, 2 patients were excluded because they received BTX-A for under 1 year and 1 patient was excluded because they lacked treatment duration data. Information was extracted for 37 patients and included in the final analysis ([Table 1](#T0001){ref-type="table"}). OnaBTX-A was the predominant drug formulation used (91.90%, n=34), followed by IncoBTX-A (5.41%, n=2), and AboBTX-A (2.70%, n=1). Patients were predominantly female (75.68%, n=28) with a mean age of 53.76±13.97 and 60.73±13.30 at their first and last injections, respectively. The mean total treatment period was 7.17±4.31 years. The mean total injections provided were 31.74±17.77, with a mean dose of 186.47±133.82 per session.Table 1Patient Demographics and Treatment VariablesVariablesNCervical DystoniaNMyofascial Neck Pain Syndrome**Sex**3733 Male9 (24.32%)12 (36.36%) Female28 (75.68%)21 (63.64%)Age at first injection3753.76 (13.97)3348.94 (9.58)Age at last injection3760.73 (13.30)3357.12 (10.16)Total treatment period (years)367.17 (4.31)298.25 (4.66)Total injections2731.74 (17.77)2933.45 (16.92)Mean dose per session29186.47 (133.82)28167.69 (108.65)

### Treatment Benefit {#S0004-S2001-S3002}

There were significant differences between first injection and last injection means (SD) for injection units (first injection: 186.47±133.82, n=29; second injection: 258.82±118.77, n=36; p=0.005), PGIC score (first injection: 52.00±23.60, n=28; second injection: 64.80±23.60, n=28; p=0.007), TWSTRS disability score (first injection: 17.57±6.79, n=21; second injection: 9.81±4.35, n=21; p\<0.001), and TWSTRS pain score (first injection: 14.61±3.08, n=21; second injection: 9.05±3.49, n=19; p\<0.001). Pain scores approached significance (p=0.09) between first injection scores (6.63±2.07, n=16) and last injection scores (5.04±2.44, n=14). No significant differences were found for time to peak effect and duration of total response ([Table 2](#T0002){ref-type="table"}).Table 2Treatment Benefit**Cervical DystoniaVariablesNFirst Injection Mean (SD)NLast Injection Mean (SD)Significance**Injection units29186.47 (133.82)36258.82 (118.77)0.005PGIC score2852.00 (23.60)2864.80 (23.60)0.007Pain score166.63 (2.07)145.036 (2.44)0.09TWSTRS disability2117.57 (6.79)219.81 (4.35)\<0.001TWSTRS pain2114.61 (3.08)199.05 (3.49)\<0.001Time to peak effect (weeks)265.39 (4.54)305.42 (3.15)0.53Duration of total response (weeks)269.00 (4.10)289.80 (3.13)0.27**Myofascial Neck Pain SyndromeVariablesNFirst Injection Mean (SD)NLast Injection Mean (SD)Significance**Injection units27167.69 (108.65)33247.65 (132.18)0.003PGIC score2759.60 (29.80)2659.60 (22.50)0.72Pain score136.50 (2.13)116.00 (2.05)0.72TWSTRS disability1415.86 (7.70)1410.07 (7.01)0.01TWSTRS pain1415.25 (4.09)1310.85 (4.49)0.01Time to peak effect (weeks)294.57 (2.61)295.20 (3.03)0.25Duration of total response (weeks)289.50 (2.29)2910.35 (3.55)0.44

### Adverse Events {#S0004-S2001-S3003}

Twenty-four patients had data available on adverse events, of which 16.67% (n=4) patients reported any adverse event over the course of long-term treatment ([Table 3](#T0003){ref-type="table"}). One patient reported ptosis, neck weakness, and flu-like symptoms; one patient reported dysphagia, dysarthria, hoarseness, and generalized weakness; one patient reported ptosis alone; and one patient reported neck weakness alone. The most common adverse effects were ptosis (8.33%, n=2) and neck weakness (8.33%, n=2). All cases of ptosis were due to BTX-A injections for the secondary diagnoses of chronic migraine (8.33%, n=2). All adverse events were self-limited; however, one patient required hospitalization for dysphagia. The average treatment period for these patients was 9.96 years.Table 3Adverse EventsVariablesCervical Dystonia (N=24)Myofascial Neck Pain Syndrome (N=23)Dysphagia1 (4.17%)0Ptosis2 (8.33%)1 (4.35%)Neck weakness2 (8.33%)0Ocular side-effects01 (4.35%)Injection site weakness01 (4.35%)Non-injection site muscle weakness00Injection site hematoma00Flu-like symptoms1 (4.17%)0Hoarseness1 (4.17%)0Generalized weakness1 (4.17%)0Dry mouth00Dysarthria1 (4.17%)0

### Adjunct Modality Prevalence {#S0004-S2001-S3004}

Frequencies of adjunct anesthetic interventions were 12.50% (n=4) for IV lidocaine, 15.63% (n=5) for radiofrequency denervation, 0% for both, and 71.88% (n=23) for none. Frequencies of ultrasound-guidance, EMG-guidance, or neither were 3.85% (n=1), 19.2% (n=5), and 76.92% (n=20), respectively. Adjunct pectoralis minor injections and cannabis-use frequencies were 65.71% (n=23) and 47.06% (n=16), respectively ([Table 4](#T0004){ref-type="table"}).Table 4Adjunct Modality PrevalenceVariablesNCervical DystoniaNMyofascial Neck Pain Syndrome**Anesthetic**3228 Intravenous lidocaine4 (12.50%)8 (28.57%) Radiofrequency denervation5 (15.63%)4 (14.29%) Both02 (7.14%) None23 (71.88%)14 (50.00%)**Imaging**2626 Ultrasound-guidance1 (3.85%)0 EMG-guidance5 (19.23%)4 (15.38%) None20 (76.92%)22 (84.62%)**Pectoralis minor injection**3532 No12 (34.29%)14 (43.75%) Yes23 (65.71%)18 (56.25%)**Cannabis-use**3432 No18 (52.94%)15 (46.88%) Yes16 (47.06%)17 (53.13%)[^1]

Myofascial Neck Pain {#S0004-S2002}
--------------------

### Patient Demographics and Treatment Variables {#S0004-S2002-S3001}

Out of 645 individual patients who received any injections, a total of 33 MPS patients were treated with BTX-A injections for at least 1 year. Information was extracted for 33 patients and included in the final analysis ([Table 1](#T0001){ref-type="table"}). OnaBTX-A was the predominant drug formulation used (90.91%, n=30), followed by IncoBTX-A (6.06%, n=2), and AboBTX-A (3.03%, n=1). Patients were predominantly female (63.64%, n=21) with a mean age of 48.94±9.58 and 57.12±10.16 at their first and last injections, respectively. The mean total treatment period was 8.25±4.66 years. The mean total injections provided were 33.45±16.92, with a mean dose of 167.69±108.65 per session.

### Treatment Benefit {#S0004-S2002-S3002}

There were significant differences between first injection and last injection means (SD) for injection units (first injection: 167.69±108.65, n=27; second injection: 247.65±132.18, n=33; p=0.003), TWSTRS disability score (first injection: 15.86±7.70, n=14; second injection: 10.07±7.01, n=14; p=0.01), and TWSTRS pain score (first injection: 15.25±4.09, n=14; second injection: 10.85±4.49, n=13; p=0.01). No significant differences were found for PGIC scores, pain scores, time to peak effect, and duration of total response ([Table 2](#T0002){ref-type="table"}).

### Adverse Events {#S0004-S2002-S3003}

Twenty-three patients had data available on adverse events, of which 8.70% (n=2) patients reported any adverse event over the course of long-term treatment ([Table 3](#T0003){ref-type="table"}). One patient reported injection site pain. Another patient reported ptosis and ocular side effects, which were due to BTX-A injections for the secondary diagnoses of blepharospasms (4.35%, n=1). All adverse events were self-limited. The average treatment period for these patients was 8.83 years.

### Adjunct Modality Prevalence {#S0004-S2002-S3004}

Frequencies of adjunct anesthetic interventions were 28.57% (n=8) for IV lidocaine, 14.29% (n=4) for radiofrequency denervation, 7.14% (n=2) for both, and 50.00% (n=16) for none. Frequencies of ultrasound-guidance, EMG-guidance, or neither were 0%, 15.38% (n=4), and 84.62% (n=22), respectively. Adjunct pectoralis minor injections and cannabis-use frequencies were 56.25% (n=18) and 53.13% (n=17), respectively. Chi-square analysis revealed no associations between each cohort and any adjunct modality variables ([Table 4](#T0004){ref-type="table"}).

Discussion {#S0005}
==========

BTX-A is a first-line treatment for CD and commonly used off-label for MPS. Treatment benefit and long-term safety evidence can be used to better counsel patients about their potential long-term outcomes with BTX-A use. Meanwhile, clarifying the prevalence of adjunct anesthetic interventions, ultrasound-guidance, EMG-guidance, pectoralis minor injections, and cannabis-use can be used to inform future management by better characterizing both patient populations. New prevalence data can also be used to inform future research exploring the relationship between adjunct modality variables and its effect on the treatment benefit and safety of BTX-A.

The present study is the first to examine the long-term treatment benefit and safety of BTX-A for off-label use (eg, MPS) and to subsequently compare it to on-label use (eg, CD). It is also the first to examine the prevalence of modalities (eg anesthesia, ultrasound-guidance, EMG-guidance, pectoralis minor injections, and cannabis-use) used adjunct with long-term BTX-A. At their final injection, both cohorts had significant increases in injection units, as well as improvements in the TWSTRS disability and pain scores. Only the CD cohort had a significant improvement in PGIC score. Both cohorts had no significant changes with respect to pain scores, time to peak effect, and duration of total effect. Adverse effects were minimal and self-limiting despite the long duration of BTX-A use. There was also considerable adjunct modality use. In both cohorts, concurrent pectoralis minor injections and cannabis-use were the most common, followed by anesthetic procedures and image-guided injections. Furthermore, all but two patients were still receiving ongoing BTX-A injections at the time of our study. Treatment was discontinued due to either adverse events or lack of effectiveness. A priori sensitivity analyses were conducted to assess the potential impact of patient discontinuation as well as different BTX-A formulations on the results, but no significant changes were found.

For CD patients, demographic and treatment-related variables were largely comparable to past cohorts with respect to sex and patient age at each injection.[@CIT0008]--[@CIT0018] Generally, we had a longer mean treatment period (7.17 years) and greater mean cumulative dosage (7622 units) compared to previous studies.[@CIT0008],[@CIT0009],[@CIT0011],[@CIT0013],[@CIT0016] A significant increase found between first and last injection doses were in agreement with previous studies and can be partly attributed to conservative doses used in the beginning of treatment as well as the need for higher doses as the natural history of the disease progresses.[@CIT0010],[@CIT0012],[@CIT0014],[@CIT0015] The significant improvements in PGIC score and TWSTRS disability and pain score were also consistent with previous findings.[@CIT0008],[@CIT0009],[@CIT0012],[@CIT0014],[@CIT0015],[@CIT0017],[@CIT0018] However, we did not find significant improvements as expected in pain scores, time to peak effect, and duration of total response. Despite being a different disease entity, there were similar findings for our MPS cohort, except there was no significant improvement in PGIC score. This may be partly explained by the various comorbidities unique to this cohort, such as fibromyalgia, which may have confounded their global impression of change. Similar to previous findings, adverse effects were infrequent and tolerable in both cohorts.[@CIT0008]--[@CIT0015],[@CIT0017],[@CIT0018]

There are certain limitations of our study inherent to the nature of study design and patient population. First, it is retrospective design prone to missing, incorrect, and incomplete data. Despite having two investigators re-evaluate and search for any conflicting or missing data, outcomes of interest were still often powered by less than the number of total eligible patients. This imprecision is reflected by the large standard deviations present in our data. Additionally, we were unable to assess the change in prevalence of adjunct modalities due to incomplete records. Moreover, we were unable to control for confounding factors as our MPS cohort was clinically heterogenous. Patients often presented with comorbidities such as fibromyalgia, chronic migraine, and neuropathic pain.

Conclusion {#S0006}
==========

There were demonstrated and comparable treatment benefit, safety, and adjunct modality prevalences of long-term BTX-A injections for CD and MPS. Our study is the first to demonstrate that long-term BTX-A injections for MPS, although commonly used off-label, can be effective and safe. Prevalence data of adjunct modalities can be used to inform future management and research as it relates to long-term treatment benefit and safety.
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[^1]: **Note:** Chi-square analysis revealed no associations between each cohort and any adjunct modality variables.
